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ABSTRACT

Objective: Group B streptococcus (GBS, Streptococcus agalactiae) is an important cause of neonatal
sepsis. Prevention is possible by intrapartum screening for maternal GBS carriership and antimicro-
bial treatment of colonized women with risk factors during labor. The conflicting results of diagnos-
tic performance are reported both for the newly developed rapid GBS antigen tests and Gram’s stain.

Methods: The value of Gram’s stain in GBS screening was investigated prospectively in 1,020
women. Intrapartum Gram’s stains of the cervix from these women and of the introitus from 510 of
them were compared with cultures of the cervix, introitus, and anorectum in a semiquantitative
way.

Results: The sensitivities of the cervical and introital Gram’s stains were 25% and 31%, respec-
tively, and the specificities 99% and 98%, respectively. Higher sensitivities (52% and 44%, respec-
tively) were found in heavily colonized parturients. No significant influence of rupture of the
membranes was detected. There was a poor correlation between the number of gram-positive cocci
in the Gram’s stain and the growth density.

Conclusions: We do not recommend the routine use of the Gram’s stain for intrapartum GBS
detection because of both the limited sensitivity and positive predictive value. (C) 1995 Wiley-Liss, Inc.
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arly onset group B streptococcus (GBS) infec-
tions are an important cause of morbidity and

mortality in neonates. 1’2 The important perinatal
risk factors are heavy maternal GBS colonization,
preterm delivery and related low birth weight, pre-
term rupture of the membranes, prolonged rupture
of the membranes (> 12-24 h before delivery),
intrapartum fever, maternal GBS urinary tract in-
fection, and low levels of maternal serum anti-GBS
antibodies. 1-s

The maternal GBS carrier state plays a crucial
role in detecting deliveries at risk for GBS-related

disease. Since antepartum cultures are of limited
value in that the carriership may be intermittent or

temporary, 6 intrapartum cultures in selective broth
are the "gold standard. ’’’2 However, the culture
results are not available until 12-48 h later, which
is often too late for decision making. Therefore,
rapid GBS screening tests have been developed,
including latex agglutination and enzyme immu-
noassay tests, which are based on direct identifica-
tion of the group-specific polysaccharide antigen of
GBS. 7-26 These tests may be rapid and specific,
but their low sensitivity and relatively high costs
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are major disadvantages. By contrast, the Gram’s
stain, being rapid, simple, inexpensive, and readily
available, could be used as a screening tool, provided
that the sensitivity and specificity are acceptable.

The literature is equivocal regarding the merits
of the Gram’s stain in intrapartum maternal GBS
screening. 16,).s,).7-3 We investigated the value of
the Gram’s stain of specimens from different ana-

tomical sites of the maternal genital tract for GBS
detection in a prospective study, with special atten-

tion to risk factors for GBS disease.

MATERIALS AND METHODS

Study Population
The trial, which was part of another study, was

conducted from February 1, 1991, until Decem-
ber l, 1992, in the two hospitals with obstetrical
services in our city. The exclusion criteria were
known GBS carriership, use of antibiotics during
the 4 weeks before admission, planned cesarean

delivery, antepartum fetal death, suspected congen-
ital abnormalities, and immature labor. The gesta-
tional age, time of sampling, rupture of the mem-
branes, and delivery were recorded. The protocol
was approved by both institutional ethical commit-
tees and written informed consent was obtained
from every parturient enrolled in the trial.

Collection of Specimens
Four cotton-tipped standard swabs were taken in a

fixed rank order from 1,020 women. First, an

anorectal culture swab was taken, after which a

second culture swab was used to sample the poste-
rior half of the introitus. With a sterile speculum, a

third and fourth swab were rotated 360 in the
cervical os to obtain specimens for preparing a

Gram’s stain and for culturing, respectively. After
510 parturients were enrolled, an extra (second-in-
rank order) swab was introduced to sample the
introitus for another Gram’s stain.

The swabs for preparing the Gram’s stains were
kept in sterile tubes after sampling. The culture
swabs, already moistened with Todd-Hewitt broth
(Oxoid, Basingstoke, England) before sampling,
were put in 5 ml of Todd-Hewitt broth immedi-
ately in order to provide a favorable medium. All
swabs were stored at 4C to prevent bacterial over-

growth and processed within 24 h in the same

laboratory.

Laboratory Methods
Gram’s Stain

The Gram’s stains were processed and the results
recorded by one experienced technician before the
culture results were available. The result was re-

ported as positive if gram-positive cocci were iden-
tified in clumps, pairs, chains, or individually. For
a semiquantitative assessment, the average number
of gram-positive cocci per field (1,000 x at least
10-15 nonadjacent fields) was recorded.

Culture Methods

The culture swabs were streaked on 5% defibri-
nated sheep blood agar and put into a selective
enrichment broth (Todd-Hewitt broth, Oxoid CM
189, Basingstoke, England) with nalidixic acid
(0.0015%) and gentamicin (0.0008%) for aerobic
bacteria including GBS. The swabs were also cul-
tured for anaerobic bacteria, lactobacilli, and yeast
on Casman agar with 10 units/ml of bacitracin and
5% defibrinated rabbit blood (anaerobically, 48 h
at 36C) and Sabouraud agar (72 h at 30C), re-

spectively. The plates for GBS were incubated at

36C for 48 h, and the enrichment broth was sub-
cultured after overnight incubation at 36C onto
blood agar and incubated at 36C for another 24 h.
The cultures were judged representative if they re-
flected normal flora including gram-positive rods rep-
resenting lactobacilli. The growth ofGBS was judged
0-4, corresponding with growth only after enrich-
ment (0) or with growth density in the streak areas as

light (1), intermediate (2), or heavy colonization (3
and 4). GBS were identified by colony morphology, a

positive CAMP-reaction, an absence of a zone of
inhibition around a bacitracin disc (0.04 units) on
Casman blood agar (18-24 h at 36C), and a positive
latex agglutination for group B (Streptex; Wellcome
Diagnostics, Dartford, England).

Statistical Methods

The diagnostic performance of the cervical and
introital Gram’s stain was analyzed with calculation
of the sensitivity, specificity, positive predictive
value, and negative predictive value. The degree
of correlation between cervical Gram’s stain and
culture was assessed using the Spearman correla-
tion coefficient.

RESULTS
A total of 981 women was evaluable, 475 of whom
had both a cervical and an introital Gram’s stain.
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Fig. I. Gram’s stain results by GBS growth density in cervical (a) and introital (1) carriers.

The median interval between sampling and partu-
rition was 3.5 h. Overall, GBS colonization was
established by culture in 190 (19.4%) women, 108
(11.0%) being heavily colonized. Anorectal, in-
troital, and cervical colonization was found in 169
(17.2%), 139 (14.2%), and 112 (11.4%), respec-
tively; heavy colonization was found in 82 (8.4%),
53 (5.4%), and 33 (3.4%), respectively.

The cervical Gram’s stain detected 28 (25%) of
112 cervical carriers (Fig. a) and proved false
positive in 7 women. The introital Gram’s stain
detected 17 (31%) of the 55 introital carriers [Fig.
b; the Gram’s stain of the cervix of these women

was positive in 8 (15%) of the 52 cervical carriers]
and proved false positive in 7 women. As can be
seen in the figure, the higher growth densities cor-

responded with better screening results.
The sensitivity, specificity, and positive and

negative predictive values of the cervical and in-
troital Gram’s stain are given in Table 1. The

specificity of the Gram’s stain was quite good. How-
ever, the overall sensitivity was only 25.0% for the
cervix and 30.9% for the introitus. Higher sensi-
tivities were found for both sites in heavily colo-
nized women.

The amniotic membranes were ruptured before
sampling in 72.0% of the parturients. The diag-
nostic performance of the cervical and introital
Gram’s stain was not affected by rupture of the
membranes (Table 1).

The correlation between the quantitation of
gram-positive cocci in the cervical Gram’s stain and
the growth density was poor, as reflected by a Spear-
man correlation coefficient of 0.44 (Table 2).

DISCUSSION
The quick and accurate intrapartum detection of
GBS carriers is the Achilles’ heel of current pre-
ventive strategies with antibiotics, treating colo-
nized parturients if risk factors are present. Rapid
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TABLE I. Diagnostic performance of Gram’s stain compared with selective culture for identification of group
B streptococcus

Predictive value

Site Sensitivity Specificity Positive Negative
(no.) (%) (%) (%) (%)

Overall Cervix (981)
Introitus (475)

Heavy colonization Cervix (981)
Introitus (475)

Before ROM Cervix (21 I)
Introitus (85)

After ROM Cervix (500)
Introitus (238)

25.0 99.2 80.0 91.
30.9 98.3 70.8 91.6
51.5 98. 48.6 98.3
43.5 96.9 41.7 97.

I. 100.0 100.0 92.3
30.0 98.7 75.0 91.4
30.5 99. 81.8 91.4
28.6 98. 66.7 91.2

arowth density 3 or 4 on blood agar.
bRupture of membranes (limited to cases in which moment is known with certainty).

TABLE 2. Correlation between cervical Gram’s stain organism quantitation (I,000; average number of
gram-positive cocci of at least 10-15 nonadjacent fields) and selective culture group B streptococcus (GBS)
growth density

Selective culture GBS growth density

Gram’s stain Negative 0 2 3 4 Total

Negative 862 32 21 15 9 7 946
0-1 6 4 5 3 20
2-5 0 3 3 2 10
6-10 0 0 0 0 2
11-25 0 0 0 0 0
> 25 0 0 0 0 0 2 2
Total 869 35 25 19 18 15 981

aSpearman correlation coefficient 0.44.

GBS antigen tests, using samples of the vaginal
introitus in 769 women comparable to the popula-
tion in the present study, yielded an overall sensi-
tivity of 11% and of 25% in heavily colonized
women only. 26 Considering this poor sensitivity, a

reevaluation of the Gram’s stain seems justified.
The diagnostic performance of the Gram’s stain

was not expected to be very high because the level
of detection is > 10g-10s bacteria/ml of sample
fluid compared with 102 bacteria/ml of sample
fluid for a culture in selective broth, the "gold
standard." We found sensitivities of 2 5% and 31%
for the Gram’s stain of the cervix and introitus,
respectively. The specificities were 99 and 98%,
respectively, remarkably higher than in other stud-
ies reported thus far. Although these values do not

differ significantly, the introitus seems to be the
most suitable site for genital sampling because
the introital colonization rate was higher than the
cervical colonization rate. Moreover, in another

study, we found the GBS vertical transmission rate

to be highest in women with introital coloniza-
tion. 3) In addition, introital sampling is more con-

venient for the patient.
Holls et al. 27 advocated the use of the cervical

Gram’s stain as an appropriate test to assist in eval-
uation of GBS colonization in an at-risk population
and reported a sensitivity and specificity of 93 and
69%, respectively. Feld and Harrigan, z8 using a

vaginal Gram’s stain in a selected high-risk popula-
tion, found a sensitivity of 100% and a specificity
of 66.7%, compared with vaginal culture results.
The study of Sandy et al., 29 however, does not

support the idea that the cervicovaginal Gram’s
stain could be a useful screening tool because the
sensitivity and specificity were 3 8 and 61%, respec-
tively, in a preterm population presenting with
preterm rupture of the membranes or preterm la-
bor. In 1990, Carey et al.3 concluded from their
results that most gram-positive cocci seen in the
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Gram’s stain are probably anaerobes or micrococci
and that the vaginal Gram’s stain at delivery is
neither sensitive (34%) nor specific (72%) enough
to be valuable as a tool in the diagnosis of maternal
GBS carriage. In a comparative study with an en-

zyme-linked immunosorbent assay, Towers et al. 16

reported a sensitivity of 45% and a specificity of
63% for the cervicovaginal Gram’s stain of a high-
risk population. In 1993, Hagay et al. 2s made a

similar comparison and found a sensitivity of 20%
and a specificity of 89% for the endocervical Gram’s
stain. Therefore, they did not recommend it as a

screening test. Some of the differences in the sensi-
tivity and specificity of the Gram’s stain reported in
the literature may be explained by the level of con-
tamination with gram-positive vaginal flora. Cer-
vical specimens could well be less contaminated
than introital specimens, the rectum serving as a

GBS reservoir.
Heavy genital GBS colonization is associated

with a higher rate of vertical transmission and is a

well known risk factor for early onset neonatal sep-
sis. Towers et al., 16 studying 20 GBS carriers,
found that the sensitivity of the Gram’s stain did not

change as the colony count increased, in contrast to
the increased sensitivity of a rapid enzyme-linked
immunosorbent assay test. Our results in 12 cer-
vical and 55 introital carriers, however, indicate
that the sensitivity of the Gram’s stain is also higher
in heavily colonized women. These data are sup-
ported by those of "The Vaginal Infections and
Prematurity Study Group," reported by Carey et

al.,3 who found a sensitivity of 40% for heavy
colonization and an overall sensitivity of 2 8%.

For future studies, Holls et al. 27 suggested that
the Gram’s stain organism quantitation be com-

pared with the culture-demonstrated level of colo-
nization. Making this comparison, we found a poor
correlation (Table 2). Carey et al.3 found no cor-
relation between the number of gram-positive cocci
or even their presence and the isolation of GBS in
laboring women, but a strong correlation with the
isolation of Gardnerella vaginalis and the impres-
sion of bacterial vaginosis.

Prematurity is another major risk factor for early
onset neonatal sepsis. Gestational age is not ex-

pected to influence the diagnostic performance of
the Gram’s stain. Carey et al. found an associa-
tion between the isolation of GBS and gram-posi-
tive cocci on the Gram’s stain in patients with pre-

term labor, but the correlation was not great enough
to be of clinical value.

Rupture of the amniotic membranes may cause a

"wash-out" effect, reducing the genital bacterial
colonization. The duration of this effect is un-

known. In studying the influence of the membrane
status on the performance of the Gram’s stain, we
could not detect significant differences before or

after rupture. Carey et al. did find an association
between the presence of gram-positive cocci and the
isolation of GBS in the presence of ruptured mem-
branes, but the predictive value was again too small
to be of clinical value.
We conclude that, although the diagnostic per-

formance of the Gram’s stain seems comparable to
that of present rapid GBS antigen tests for intrapar-
tum GBS detection both in sensitivity and specific-
ity, its routine use cannot be recommended because
of its limited sensitivity and positive predictive
value.
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